Introduction
The film thickness of SOI CMOSFETs has been scale-downed along with the shrinkage of gate length because the Si-film thickness should be less than 40% of gate length to suppress the short channel effect [1] [2] [3] . However, ultra thin source/drain can result in degradation of device performance due to the large parasitic source/drain resistance [1] , [4] . Self-aligned silicide (Salicide) is widely used in metal-oxidesemiconductor (MOS) manufacturing to reduce the sheet resistance of source/drain and gate series resistance [5] . Ni silicide has many advantages, such as lower Si consumption than CoSi 2 . Low resistivity nickel mono-silicide (NiSi) can also be easily obtained by applying Rapid Thermal Process (RTP) only once. However, poor thermal stability of Ni silicide or drastic increase of sheet resistance during post-silicidation annealing is a serious problem. Although the thermal stability has been analyzed actively, few study focused on the effect of dopants on thermal stability of Ni silicide especially on the SOI substrate.
In this paper, the dependence of NiSi properties on the B 11 , BF 2 , and As dopants is studied for nano-scale SOI MOSFET technologies. Improvement of Ni-Silicide characteristics utilizing Ni-Pd (5%) is also investigated.
Results and discussion
The key process flow is summarized in Fig. 1 . B 11 (3.5kev, 3E15/cm 2 ), BF 2 (5kev, 3E15/cm 2 ), and As (20kev, 5E15/cm 2 ) were implanted on SOI substrate with a Si thickness of 50 nm. 10nm thick Ni or Ni-Pd (5%) layer was sputter-deposited. Ni-Pd (5%) is an alloy target with 5% atomic concentration of Pd in Ni. Figure 2 shows sheet resistances of Ni silicide as a function of RTP temperature. In case of Ni, sheet resistances of B 11 , BF 2 , and As doped substrates show almost the similar trend with the lowest sheet resistance at 500℃ RTP for 30 s. In case of Ni-Pd (5%), sheet resistances of B 11 , BF 2 , and As doped substrate are larger than Ni case with the lowest sheet resistance at RTP 600℃. Figure 3 shows sheet resistances after high temperature post-silicidation annealing in a N 2 ambient. In case of B 11 doped substrate, both of Ni and Ni-Pd (5%) structure show stable sheet resistance. However, in case of BF 2 doped substrate, Ni-Pd (5%) structure shows much better thermal stability than Ni case and similar sheet resistance with B 11 case. And, in case of As doped substrate, although Ni-Pd(5%) has lower sheet resistance than Ni case, sheet resistance of Ni-Pd begins from 650℃. Figure 4 shows the cross-sectional FE-SEM images of Ni Silicide on SOI substrate after post silicidation annealing. As doped substrate with Ni shows quite different characteristics compared with BF 2 and B 11 cases as shown in Fig. 4 (a-b) . Silicon in NiSi is diffused toward the surface and results in abnormal oxidation mainly due to the sublimation of As [6] . However, abnormal oxide layer was not found in case of Ni-Pd (5%) structure on As doped substrate at 600℃. In case of BF 2 doped substrate, Ni case shows severe agglomeration (Fig. 4. (d) ), but Ni-Pd (5%) structure shows quite uniform profile (Fig. 4. (h) ). In case of B 11 doped substrate, both Ni and Ni-Pd (5%) (Fig. 4 (c), (g)) structures show almost the similar profiles. The main reason of the superior thermal stability of B 11 case is believed to be due to the retarded nickel diffusion caused by B 11 incorporation. Figure 5 shows XRD spectra of Ni silicide after post-silicidation annealing at 650℃ for 30 min to confirm the phase transformation. In case of Ni, all samples show phase transformation from low resistivity NiSi to high resistivity NiSi 2 . However, there is no transformation in case of Ni-Pd (5%) alloy structure. Therefore, it can be said that the increase of sheet resistance for Ni case is attributed to phase transformation from NiSi to NiSi 2 and agglomeration of silicide.
The improvement of the thermal stability of NiSi by Pd incorporation can be explained by classical nucleation theory. According to the classical theory of nucleation, the nucleation barrier (Δ G * ) can be written as: [5] . Since PdSi and NiSi have the same crystal structure and their lattice parameter are similar, it can be assumed that the solid solution of PdSi and NiSi-Ni 1-x Pd x Si behaves as an ideal solid solution. For NiSi 2 formation, the reaction can be written as: Ni 1-x Pd x Si + (1-x)Si → (1-x) NiSi 2 + xPdSi. A more complicated reaction is written in Ref. [7] . It is believed that the increase of the nucleation barrier results in the delayed nucleation of NiSi 2 . Figure 6 shows the surfaces roughness of the Ni silicide on the doped substrate after post-silicidation annealing. In case of B 11 doped substrate, average surface roughness of Ni and Ni-Pd cases is almost the same as about 0.9 nm, which shows good agreement with Fig. 3 . In case of BF 2 and As doped substrate, Ni-Pd case shows much less surface roughness than Ni case. Therefore, the thermal stability of Ni silicide can be significantly improved by using a Ni-Pd (5%) alloy target for nano-scale SOI MOSFETs.
Conclusions
The dependence of Ni silicide of Ni and Ni-Pd (5%) 
